The radiotriolein test has been reported to be unreliable in the diagnosis of steatorrhoea. A possible explanation is provided by these studies in which labelled triolein was incubated in human gastric juice, duodenal juice, and faeces; the bond was not stable on duodenal juice.
Radio-iodinated triolein (RIT) has been widely used in the investigation of intestinal malabsorption. The method is essentially a tracer test in which a known dose of RIT is given by mouth and the percentage of the administered isotope appearing in the plasma or excreted in the faeces is measured. This provides an assessment of fat digestion and absorption by the alimentary tract.
The reliability of the method was not seriously questioned until Pimparkar, Tulsky, Kalser, and Bockus (1960) reported a large series of cases tested by concurrent faecal chemical fat and faecal RIT measurements. Taking a daily faecal chemical fat excretion of over 7.0 g. as the criterion for steatorrhoea, they found that the RIT test failed to diagnose the condition in 25% of cases. In a personal series of 33 patients found to have steatorrhoea by the faecal chemical fat excretion, the RIT test failed in 50% (Cox, 1961) . A possible explanation of these findings is that the radio-iodine label is unstable in the alimentary tract. Since the metabolic pathway of iodine differs from that of fat, instability of the RIT bond would clearly vitiate the test.
Experimental testing of the RIT bond in intestinal secretions has been reported by Beres, Wenger, and Kirsner (1957) and by Balint, Pendower, and Ramsey (1960) . The former group incubated RIT with gastric juice, pancreatic juice, and bile for one hour, and, by measuring the activity in the aqueous fraction after extraction with petroleum ether, they concluded that the bond was stable over the period of the experiment. Using a similar method, Balint and his colleagues incubated RIT in a wider range of media. Instability was not detected during four hours' incubation in gastric or duodenal secretions, but a small amount of free radio-iodine was liberated in faeces over a two-day period of incubation.
The use of an anion exchange resin to determine the percentage of free 1131 in radio-iodinated lipids (Cox and Hinchliffe, 1961 ) offers a simple means of repeated testing of the stability of the bond, permits the behaviour of the bond to be followed over a long period of time, and allows a comparison of the characteristics of different batches of RIT. This paper reports the results of such a study.
METHOD
The experiments were conducted in the following way. The batch of RIT under test was emulsified with Tween 80 and water, and incubated with controls and intestinal secretions. Water at 20°C. and 37°C. served as controls. The intestinal secretions studied were gastric juice, duodenal juice, and faeces, each incubated at 37°C. Samples were taken from the incubation mixtures at intervals of 0, four, eight, 24, 48, 72, and 96 Lubran and Pearson (1958) .
C Synthetic triolein from Unilever Ltd. was labelled in the following way. Elementary iodine, liberated from an aqueous solution of NaI131 and carrier KI by oxidation with potassium iodate and sulphuric acid, was extracted into carbon tetrachloride and dried on a column of anhydrous sodium sulphate. A solution of chlorine in carbon tetrachloride, dried in the same way, was added dropwise to the 1131 solution until it turned brown, the colour of iodine monochloride in carbon tetrachloride (Sidgwick, 1950) . This iodinating solution was added to triolein dissolved in carbon tetrachloride. After the mixture had been allowed to react in the dark at 20°C. for three hours, any remaining free 1131 was extracted into a weak solution of sodium thiosulphate and converted to 1131 Cl in carbon tetrachloride as before, thus making it available for further iodination. After standing overnight, the solution was washed with sodium thiosulphate and potassium iodide solution, followed by water. The carbon tetrachloride was evaporated on a water-bath at 50°C. This two-stage iodination procedure was used in order to increase the percentage tag (Dossett, 1960) .
D Triolein from the Aldrich Chemical Company was labelled in the same way as C.
INCUBATION MEDIA Four were used.
1 Water at 20°C. and 37°C. These served as controls and to assess the stability of the bond when RIT is stored as an emulsion for the purpose of dosing patients.
2 Human gastric juice at 370C. Specimens were obtained during maximal histamine stimulation from duodenal ulcer patients undergoing routine pre-operative augmented histamine tests (Kay, 1953 The simple I131 bond shows marked instability after four hours' incubation with fresh, hypersecretor juice.
The simple 1131 bond is unstable after 48 hours' incubation with boiled hypersecretor juice.
One batch of each of the 1131 Cl and the simple 1131 labelled triolein was tested in the achlorhydric duodenal juice. Both bonds were more stable in the fresh achlorhydric juice than in the fresh hypersecretor juice. Each bond behaved in the same way in boiled achlorhydric juice as in boiled hypersecretor juice; the I131 Cl bond remained stable over 96 hours of incubation, whereas instability of the simple 1131 48 hours' incubation (Fig. 2) . stability after 96 hours' incubation in faeces at 37°C. (Table IV) .
DISCUSSION
The conventional fat balance is generally held to be a difficult and tedious investigation. The introduction of the RIT test raised hopes that a simpler and more reliable means of diagnosing steatorrhoea had been found, and early reports appeared to justify this optimism. More recently, however, evidence has accumulated to show that the method is less sensitive than the fat balance in the diagnosis of steatorrhoea. Several groups of workers have found that the RIT test fails to diagnose steatorrhoea in a substantial number of cases in which the condition has been confirmed by concurrent faecal chemical fat determinations (Pimparkar et al., 1960; Vaughan Jones, 1960; Cox, 1961 (McClure, Huntsinger, and Fernald, 1934) , synthesis of fats by the cells of the intestinal mucosa (Clark and Hubscher, 1960) , active fat secretion by the bowel mucosa (Lewis and Partin, 1954) , or by bacterial synthesis (Sammons, Vaughan, and Frazer, 1956 ). In patients with a normal faecal RIT excretion, a high faecal chemical fat excretion might be explained if the faecal lipids were of endogenous origin and not derived from unabsorbed dietary fat. The second fundamental assumption is that the radio-iodine label remains firmly attached to triolein in the alimentary tract; appreciable instability of the bond would annul any value that RIT might have as a diagnostic or research tool. The studies reported in this paper are concerned with this facet of the problem and have been designed to extend the observations of previous workers who found that the bond was stable over a relatively short period of time in the intestinal secretions they used (Beres et al., 1957; Balint et al., 1960) .
Triolein labelled with radio-iodine in the simple elementary form has been used recently in clinical studies by Siurala, Lamberg, Turula, and Harkonen (1959) . Our experiments with this material showed that 46% of the radio-iodine is split off after four hours' contact with fresh duodenal juice and that prolonged incubation resulted in the liberation of increasing amounts of the radio-isotope. Boiling the duodenal juice greatly diminished its bondsplitting property. In the water controls, only a minor degree of instability of the bond was detected. These findings support the view of Veall and Vetter (1958) Thirty-six experiments were carried out using different incubation media and different batches of RIT. Each batch behaved similarly in a given set of conditions. This may be taken as evidence that the stability of the 1131 Cl bond is not materially affected by varying the method of the labelling procedure and that each type of triolein used for labelling had similar properties.
Incubation for 96 hours showed that the 1131 Cl label is stable in water at 20°C. and 37°C. This confirms the findings of Chears, McCraw, Tyor, and Ruffin (1958) , and demonstrates that RIT for clinical use may be stored as an emulsion. In gastric juice free 1131 was not released from RIT, indicating that the bond is stable in the stomach. In faeces, however, a small rise in the percentage of free 1131 was detected over the four-day incubation period. This is in keeping with the finding of Balint et al. (1960) , but the degree of instability is so small that it seems unlikely to invalidate the clinical use of RIT.
The short period of incubation in duodenal juice used by other workers did not reveal any instability of the 1131 Cl bond. In the experiments reported here it was found that extending the period of contact with duodenal juice caused an appreciable rise in the percentage of free 1131. In fresh duodenal juice, 15% of the 1131 Cl label was split off after 24 hours' incubation and 35% at the end of 96 hours. The same juice, when boiled, had no effect on the bond, suggesting that the bond-splitting property of duodenal juice rests in its enzyme content. If the breakdown of the radio-iodine linkage accounts for the failure of RIT to diagnose steatorrhoea in some cases, its success in others remains to be explained. In this connexion, the finding that duodenal juice from an achlorhydric, postgastrectomy patient had markedly reduced bondsplitting properties was of considerable interest. It may be that biliary and pancreatic secretions from different subjects differ in their power to split the bond and that failure to diagnose steatorrhoea occurs where bond-splitting potency is high. On the evidence available, it would be speculative to carry the argument further than the statement that the behaviour of RIT in the alimentary tract may vary from patient to patient. These results in vitro can best be interpreted in the light of studies in vivo which are now in progress.
SUMMARY
The purpose of the study was to investigate the stability of the radio-iodinated triolein bond in intestinal secretions.
Labelled triolein was incubated in gastric juice, duodenal juice, and faeces. At intervals over a period of 96 hours, samples were taken from the incubation mixtures and the percentage of liberated 1131 determined.
The simple 1131 label was slightly unstable in water and very strikingly unstable in duodenal juice. By boiling the duodenal juice, its bondsplitting potency was reduced.
The J131 Cl label was stable in water and gastric juice. A minor degree of instability in faeces was detected. In duodenal juice, instability of the bond first became apparent after 24 hours' incubation. No free 1131 appeared when the duodenal juice was boiled.
The duodenal juice from an achlorhydric patient affected the bond less than did the juice from duodenal ulcer patients.
These results provide one possible explanation for the reported unreliability of the radiotriolein test.
